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//- In November "1973,the National Aeronautica, and Space Administration
(NASA) asked the National Academy of Engineering* to conduct a summer study

Of future applications of space systems, with particular emphasis on practical
approaches, taking into consideration socioeconomic benefits. NASA asked
that the study also consider how these hpplications would infruence.or be
influenced. by the Space Shuttle System the principaripice transportation

em of the 1980's. In December 1975,,the Academy agreed teperform the
'study ar4d assighed the task to the Space Applications Board (SAB).

- In the summers of 1967 and 1968, the National Academy of Sciences had
. convened a group 9f eminent scientists and engineers to determine what research
and development was necessary to permit the.exploitationfof useful applicatiohs
'of earth-oriented satellites. The SAB concluded that since the NAS studyw
operational weather and communications satellites and the successful first
year of use of the experimental Earth Resources Technology Satellite had demon-
strated conclusively a technological' capability that could form a fOundation

e';. Tor expanding the useful applications of space-derived information and services,.
andthatit was now necessary to obtain, from a broad cross - section of potential .

users, new ideas and needs that might guide the development of future space
systems for practical applications.

After discussions with NASA and other interested federal agencies, it
was agreed that a major,aim of the "summer study" should be to involve, and
to attempt to understand the needs Of, resource managers and other.decision-
makere.who had 'as yet only considered space systems as experimental rather'
than as useful elements of major day-to-day operational information and service
systems. Under the general direction of the SAB, then, a representative group
of users and potential users Conducted an ittensive,two-week study to define.
user needs.that might be met by information or services derived from earth-
orbitingsate1lites. This work was done in July 1974 at Snoirmass, Colorado.

For the study, nine user-oriented panels were formed, comprised of piesent
or potential publicand private users, including businessmen, state and local
government officials, resource managers, and other decision - makers. A number

*Effective,July 1, 1974, the National Academy of Scienbes and the
Academy of Engineering reorganized the'Nitional Research Council
assemblies and commissions. All National Academy of Engineering
including the SAB, became the Assembly of Engineering.
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of's.cientists inetechnologasis also participated, functioning essentially
as expert consultants) The assignment made vo the, panels included reviewing
progress in 'space Applic.ations:since the'NAS study of 196S* and defining ilser
needs,potentially Capable of being met by space- system applications. User
hecielists,drawn froth _federal, state,...and loca.1%governments and from businyss
and industry, were impaneled in 9e following fields:

:... -t. .-
-.

.

Panel, 1: 'eaiher and Climate
Panelp.2! Uses of Communications '

. %

..):. Land Use Planning
s a el , 4: Agricplture, Foiest,and Range '

Panel Inland Water Resoulces
Panels -6: ,Exttactable Resources- 5

, Panel 7:, Environmental Quality
Pallet]: sB: Marine and Maritime Uses
Panel 4:91:-Materials'ProCessing. in Space

:

. . .
. .

. .

Ill addkiion,.to stud)'. ae.socioeconomic benefits, the influenceof tech-.

nology, and the intelface with Apace transportation systems,the following%

panels (termed interactive panels) were convened: .
.'

.

Panel 10: _InstitutiOnal Arrangements ,'
.

-.Panel 11: Costs agd Benefits ,'.- 2.. .
. . .

Pahel 12: Space Transportation
Panel 13: InformationlServices and./nformation Processing .

Panel 14: Technology
. _ .

.1 .

As a basis for their deliberations, the latter grip* used ne ds expTessed
by the user panels. A substantial amountof interaction with the er panels
was designed into the study plan and was found to be both desirab d and neces-

sary. .
.

.
. .

'The majbr part of the study was accompli Oed by the panels. The function
of the SAB was to rev'iew the Work of'Ithe panels, to evaluate their findings,
and to derive from their Work an' integrated set of major conclusions, and recr-

,

ffiendations. The Boaid's findings, whith include pertain sii)lificant xecommen-
datiops from the panel reports, aS well as more.general ones arrived at by
considering the work of the study as a whole, are containein a report pre-
pared by the Board.**

_.,

- .

It should' be emphasized that the study was not designed to make detailed
assessments of all of the factors which should be .considered in establiihing
priorities. In some cases, for example, options other than space systeks for

. accomplishing the same objectivesmay need to be assessed; requirements for
. - , .

. .
. * .

*National Research.Council. Useful Applications of Earth-Oriented Satellites,
'Report of the Central Review Committee. National Academy of.Sciences, *.

Washington, D.C., 1969.

"'space Applications Board, National ResearCh Council. Practical- Applications
of Space" Sydtems. National Academy of Sciences, Washington, D.C., 1975.
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institutional or organizational support may need to be appraised; multip1.0
'lases of systems may ne.edtv' be eValted t'o achieve the IncAt efficient and

$ economic returns. In *tome cases, 'analySes of costs and benefits will be
needed. In thii connection, specific cost-benefit studies were not conducted.

as a part of.fthe..two-s;itek study. Redommendations for certain such analyses,
..., however, appear in the Board's report, together with recommendations designed

to .provide animproved basis upon which to make, cost-benefit assessments.
ft., In sum, the Istudy, was designedto provide ail opportunity for knowledgeable,

and experience& users, expert in their fields, to express their needs fore
information dr services which might (o.r might not) be met by space, systems,.

- - andP. to relate the present and potential capabilities of space systems to their
needs. The' study did not attempt.itcy examine in detail the scientific, techni-

--cal, orreconOmic bases for the needs expressed by the users.
The SAB was impressed by the quality. of the panels' work and has asked ..

that their reports be made available as supporting documents for the Board's
report s. While he Board. is in general accord with the panel reports, lt does
not necess V endorse them in -every detail

The nclusions and recommendations. onthis panel report Should be cOn-
..' sidered within the context Of the report prepared by the Space Applications

'-- Board. The views presented in the panel,report represent the general. consensus
ofthe panel. Some indiv4dual members of the panel may not agree wits every' .

conclOsion or recommendatiot contained' in the report.
, ,,

I
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DEFINITION Ot 1.);$. SPACE TRAWORTATrON SYSTEM . :
IN II:11'198(N =

.
The UnitediStates Space Transportation System (STS) in the 1980Ls will ,

consist initially ofa mix of' (1)'unmannedlaunch vehicles such as Scout, Delta;
-Atlas-Centaur and Titan in va4ious'versions and -,(2) the ianned Space Shuttle
System (SSS);(,' The unmknned launch vehicles will continue to provide transporta- ('
tion into space,on a selective-basis for various users until the SSS becomes.
fully operational and cost competitive. Although the National Aeronautics and

. Space Administration (NASA) is not guriently planning any further funding for
the ,development of unm ed launch vehicles, other' domestic and foreign interests-
are expected to continuel develppment and to impOTe-"mlformance, reliability, and
.cost. r .

,The transport elements of the Space Shuttl System consist of the reusable
Clbiter, the Spacelab, and various upper stages (Called tugs) for placing and
Iccasionally retrieving 'spacecraft in geostationary or other orbits hither than
the'Orbitel itself can attain,' In addition to various more orlessladvanced
propulsion stages matched to individual spacecraft and initsion requirements, .

a general - purpose Interim ,Upper StageL(IUS) will bt provided in the early 19$0's.
When mission requirements are clarified in accordance with continpipg studies,
and operational experience is digested, a reusable Full Capability Tug (FCT)
may be needed'to support a wide,variety of otbital opeiations, estecially in
.geo ynrhronous orbit. Beginning in the early a980's, Spacelab,will'be carried
in Orbiter,naylold bay cto and from low eath,prbits and will represent an

ortant -factional part orthe SSS that facilitates researchand development.
space as well as oierational activities. Mia'ilability of Space14 will en-

courage a wide variety ofsacence and technolo experiments'that use-ordinhry,
as well as specially designed,).aboratory equigent and arebOnducted by scien- i

.tific personnellanditfchnicians. Operational measurements and processes also .,
.,. w}11 be carried' out under the unique conditions provided within the Orbital

1-environment. The presence of man Is ected both,to broaden the capability
an

%
and to reduce the? costs of operations in. pace.

- . -4 .

Advanced propulsion systems,.incldding solar and/or nuclear electlc rocket
stages, as well asadvanced chemical rockets having greatly improved space trans -
portation capabilitis, may become a/ailable in the 1980's. Teleoperators* of

..-.-. \ . --
,. , ' : e 4

A

0..

4A's ,..--.0
v.(-- ; ___ e ,. ,

*Teleoperatdr is an electromechanical device which allOws an ,perator to accomplish
mechanical tasks from a remote. lbcatidn. For example, ,an operator inside the STS
might uqea teleopgrator to perform'tasks outside theSTS,

1.1
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increasing sophistication will probably be used during the.latter_half of the
decade as an element of the STS.
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SCOPE AND PROCEDURE

IN.., 0.-

The Panel on Space Transportation was established t'o provide guidance to
the other-summer stud), panels concerning the nature of future space tfansporta-
tion and to identify 'and assess how appllications envisioned by the user panels
wouldinfluence'or be influenced by the space transportation system of the 1980's.
". Al el@ments of the STS are briefly described Is envisioned for the 1980's.

The resultsof the approach taken by the Panel on Space Transportation in inter-,
facing with other4tanels, acquiring tea, preparing data, andperforming analysis
of usef data are summarized. A.comparison oLser requirements with expected STS
capabilities is presented for each of the user panels. The.STS'capabilities are

,.discussed in terms'a-availabilitf, carryineTlayloa&tp-Drbit, and stiinred
.1PostS_E4t lAg1...! --- 7` --

.
.

4' ---Tizis esseiVil-that interactions Anr;: space programs, spare technolagyo
an space tranSpbrtation pare clearly understood.' , - . -.

. In order.td assess STS capabilities,to\meet user reqUirements, the' Panel on
Space Transporthion prepaze4* questionnaire for eliciting from the.user panels
sieh informatilam.as orbital parameters, data requirements, and physical and
operatiovl characteristics of potential future spacecraft.responsive to user. or

.

needs. ..,
.

The following questions Were submitted to each user panel:
.

. 4
. , ,.

. W ;
1: What are the basic he of your application that the possible use crf,

space _may offer? v ,

-.../,

. In the early 1980'
In the -.late 1080's ?(

*.In the 1990's?

'2. "What information do you need about the capabilities of the space,trans-
pdrtation system irI the 1980's?

4

3. Are you interested'
.

.

Acquiring data retayed from space?
' Performing opetations in space?
-Analyzing'data in space in real time?

.

,3
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4. Whit earth reference are you interested in?

'Is geostitidhary orbit beneficial?

What other altitude preferences do you haire?
What precision of earth reference da you need (i.e., accuracy of

location, resolution, coverage)?

S. . What is your time reference requirement?

Do you need data hourly, daily, weekly, etc.?-
Can you ac4uire your data in;7 days on-orbit, 30

more than 30 days on- orbit? -

If 7 to 30 days is acceptable, how frequently would you require
a space flight?'

days on-orbit,

6.. Do you haVe a 'iequirement to change orbital 1100SitidlIS during a single
Mission?

7. Are you aware of any spacecraft that will, satisfy your requirements?

.'Whit.Wh are the weight and size characteristics of candidate space-
I° craft?

If there,are'no alrailable spacecraft, what are weight-and size
charatfgristics of concepts?

:.S. Honmuch time is requited for prelaunch installation and Checkout?
-

Will you require a second launch if the first launch attempt fails?$ -
What do you consider a minimum reaction time for such a second

launch?

9. Is it beneficial to use man in space to reduce the design complexity.
of your- spacecraft or sensor?

Maintenance or repair?
Operational features, e.g., reduced automation?

ATZ Have you discusied man-in-space capability with the Skylab
astronauts?

w 4'

10. On yoUr.equipment, what do you consider to be the most critical com-
ponents? Have you donsidued the possifillity of making provisions to replace
these components on-orbit?

11. Can you identify unique requirements to provide electrical power,
cooling and heating, communications, guidance and control from the launch rehicIe
or on-orbit carrier? Do you have unique environmental 'control requirements
during prelaunch, ascent, or on-orbit?

,

12. Spacelab provides a pressurized (manned) and/or unpresturized (space-
exposure) facility. Does.either of these substitute for presently concdived
automated satellite application4i

4 .

15



. 13. Do.you foresee a role for man irr ten4ing apallet-mounted experiment,
remembering that some degree pf remote control is provided from the orbiter
cabin or the Spacelab pressurized module?

.
14. How would you use the shuttle to reduce ,ground test reqUirements?

'qualification of hardware in space?

Each Panel member had a responsibility to interpret the needs. of the user
panels as compiled fromtheir answers to the questionnaire.' The Panel on Space

Transpoitation also coordinated itgffindings with those of the Panel on
Technology. The spacestransportatiOn needs have been summarized for each
of the nine user panels and an assessment 'made of the capabilities to meet these
requirements within the whole U.S., Space Transportation Systems.

After reviewing the inputs from user.panels, the Panel on Spade Transporta-
tion discusbd these And produced conclusions= and recommendations regarding the
U.S. Space transpoytation System. These conclusions and recommendations.are in
the following categories: (1) imyload and mission capabilities, (2) planned
launch schedules, (3) ,definItion of user payload;., and (4) optimization of
operations. The Panel's conclusions and recommendations are presented later in
this report.

5
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ASSESSMENT OF USER REQUIREMENTS WITH UiER"PANELS

After receiving thd completed questionnaires,the P 1 on Space
Transportation met with all nine of the user panels to gaim\a better understand) ,

ing of user requirements* and to provide pertinent data as t the capabilities of
the U.S. Spacearansportation System. Analysis of the use re uirements leads
to an estimate or a definition of spacecraft and mission dharac ristits needed
to satisfy these requirements. When these characteristics are de fined, their
impact on the STS is assessed.

The Panel is mindful of the.distincti'o between weight and mass. However,
since the tern weight is more familiar to non-aerospace users and since to. them

'weight is what must be lifted from the surface of the earth by "a transportation
system,mthe term weight is used in he remainder of this report in contexes in
which the aerospace community might refer theterm mass.

. WEATHER AND CLIMATE..

11

The objective of the Panel on
loch spacwystems can be applied
climate changes. The function was
ing to the range desired: ,

Weather and Climate was to determine ways in
to obtain data for forecasting weather and
divided into the followings three phases accard-

, .. ,,
, .

, Short range local forecasting with emphasis on the monitoring,
. of severe storms and squall lines. These forecasts usuatly
cover periods of 24 hours and may extend from 2 to S da5rs.
Storms prpbably should be monitored continuously'for periods of
frog one -half to several hours.

Synoptic forecasting which extends to about 1 week. This fund-
tioll now is in existence and is organized under the worldwide
leadership of the Global Atmospheric Research Program.

'1.

,"
4

*Further details are providedi.n the.reports of theine user panels referrod to
in this paper.

7
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Long range prediction of changes in climate.

%

Spacecraft characteristics required for the three .phases of weather forecast-.

ing differ. For example,

There are conceptual plans fOr an initial spacecraft, the Severe
Storm Observing Satellite (SSOS) to be used in short rangt.fore,-
casting. It has a weight of 250 kg (550 lb), and dimensions of
3.1 by 1.9 m (10.3 by 6.3 ft). A later spacecrafts:with improved
capability will be the Synchronous 'Earth Obsftvatory Satellite .

(SEOS). It will have a weightof 230p kg (5000 Iv and dimensions
of 3.7 by 2.4 m (12 by 8 ft).

.

For synoptic forecasting, the spacecraft is identified as the,
Television Infrared Observational SateLli.4 (TIROS) which has a
weight of 635 kg C1400 14 and dimensions. of 3.7 by 2.4 m (12 by
8 Tt).. . NC

For long range climate predictions, data on the spacecraft physical
characteristics are n2t available at this time. It is anticipated
that sensor stability will be required so thtt small changes can be
detected-durIng long time intervals,, that is,years. Such sensors
may be incorporated in'the.,types of" spacecraft used for short range

k. and synoptickweather forecasting.

,L-
Mission requirements,differofor. the three phases of forecasting and include:

. .
; . .

.

For short range forecasting, a System based on the use of fire
satellites in fixed equatorial positions with each observing'i
field'of view of-50 °. Worldwide participation is 'planned and . .. )

the U.S. and the U.S.S.R. will' probably provi,de the transportation '

to orbit the satelliteS. At the present time, however, no arrange-
ments have been made to decide what will be provided byveach
country. Initial launches of SSOS are planned in 1979 and launches

A Of SEOS are anticipated between 198 and 1985. A continuous
' service is desiredwith replacements%at intervals, between

2 and 5 years.

For synoptic forecasting, trio satellites are planned to be'in
near -polar orbit at 833 km (450 noni) and an inclination of 102°.
A continuous service is..plgnned with one launch per year during
an estimated 2-year life fOr the spacecraft. Initial launches
are planned.in 1978. ;

For long range climate predictions, no 'mission requirements are
now available.

RequillEments for all three phases of weather forecasting fall w ithin the
capabidityof

.

the U.S. Space Transportation System. Initial launches of TIROS

8
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in 1978 and initial launches,of SSOS in 1979 will put these systems in use during
the transition from existing unmanned launch vehiCles to the Space Shuttle System.

The use of Spacelab was indicated by thePanef on Weather and ,Climate for
forecasting but detailed requirements were not available at the time of the study.
Considetation has been given to the following three types of short Space Shuttle

.or sortie missions:

Re-search and development of sensors.and satellite components

Special platforms for investigation of specialized non-recurring
events and for periodic measurements of slowly varying parameters
such as the solar constant .

Specialized experiments such as a cloud physics laboratory which
would take advantage of the space environment to separite experi-
mental parameters, -

USES OF ttniliNICATIONS

Functions to which 4
communications.satellites contribute have been identified

.and:areshown in Table I. The type of orbit needed and also the required satel-
lite physical characteristics, including weight, diameter, and length; are
included for each function. All satellite systems. are intended to provide_contin-
uous service and each is estimated to require replacement as indicated by the
given number of launches per year. Projected initial launch dates are also shown.
The'sequence in Table I represents an evaluation by'the Panel on Use of
Communications goncerning the relative importance of the functions with the most
iplpOttant first. The objectives of each function are as follows:

For mobile communications and position determination, to. use

data from satellites,and froim low -cost mobile ground equipment.
to. locate specific positions on the surface of the, earth.

For electronicmessage handling, to set up a systeM to provide
point-to-point transmission of messages through satellites and
ground stations. Thig system is anticipateoras a supplement
to the present mairsystem. It is intended to provide capabil-
ity for handling a greater volume and to move-letter mail more
rapidly and at lower cost.

For education, to provide high quality audio and video educa-
tional material to broad audiences through the use of satellites
and low -cost ground teceivers:

For health care, to provide medical information in both audio
and video formats through satellites and low-cost ground
receivers.
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A

For felecult e, to provide quality entertainment by means of
high-fidelity dio and video equipment to rural areas with pre-
sentation at 1061\1 theaters or available public centers.

.For search and res e, to provide sufficiently accurate position

.information to aid searchtAnd rescue of lost persons, ships or
airplanes and to find and_rescuepersons.during other emergency
conditions.

For disaster warning, to rovide warning of disaster to urban
populations through the use of aural and visual alarms located.,

a
in homes, r

For...time and frequency standards, to supplement or replace the
present time and frequency atand4rds,supp/ied by terrestrial high
frequency radio and thus to Apr.W.ve the accuracy and quality of
these standards. .

-

For wildlife tracking, to proi*ei.through satellites and small
transmitters implanted on wildlife, .capability toonitor and

, track their locations and movements.
.

it
.

For amateur, activity, to encourage amateur radio operators to
co,ntinue to develop innovative ideas in the field of commnica-

- tion. The intent is to suliplement existing amateur activity in
low earth orbit-with a transponder in a synchronoUs orbit.

For environmental and resources' data,to provide a point-to-point
capability to receive and transmit'data on the 'surface of the earth.
The data may be coded to preserve privacy for commercial users.

A number of the functions require synchronous orbits. Several of the'satel-'
lites will require large diameter antennas which must be transported in 0. folded
configuration to fit STS dimensional constraints. Retrieval of such a satellite
and its antenna will require that the antenna be returned from its deployed to
its fol 'aed configuration. Weight characteristics of larger'satellites fit with-
in STS capability but. will posAibly.be too large to allow retrieval, even with '
the Full Capability Tug. For synchronous satellites requiring thiA, Tug, the pre-
sent payload-compartment lengths may necessitate ingenious designs, of methanisMs
for folding'and.deplpying. Use of Spacelab for satellite hardware research and
development is anticipated but no specific requirements are available this
tithe.

11.k LAND USE PLANNING

\ * 11/

The Panel on Land Use Planning sated that data from an Earth Resources
Technology Satellite.(ERTS-1, since renamed LANDSAT-1) have potential applica-
tions in mapping and in detecting changes in land use. Oultispectral scanners
and

.
other Sensors currently in 4se, however, are, of limited capability:.

11 ,

.4
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re.

ek",
. - ..

. .' .Improvement* in sensors, data proCessing,:and data handling were seeneas 1- ns........ .

In the early 1980's to an opefttional spacecraft with an assured continuity of'7,1w
service f6r applications in land use planning. ,,,,4 ,.anning. . -

I - ...77'

Although no, specific flightdates can be identified at the present time, the
Panel on'LandUse planning strongly supborts future use of the Space ShutileAy
System to launch or replace satellites to conduct sensor and technique reseirth

. and development, ti? calibrate apd repair existing satelli-teS, and to fill cioitiealr
.) , ....

dhta'gaps.

AGRICULTURE, FOREST, AND RANEE

The Panel on Agriculture, Forest, and Range-defined application categories
for crop survey, band use, water resources', range management, and, forestry: .Te
spacecraft characteristics' required for specific applications have not yet been

*defined; however,' requirements established by the Panel in regard to resolution,
frequenty of coverage, and resulting spacecraft weight and volume fall well within
the Capabilities of the Space Shuttle System. Best estimates by the Panel on'.,
an Space Tra4spbrtation are a maximum of 1800 kg (4000 lb),, a diameter of .

3 m (10 ft), a length of 3m (10 ft). Attitude control, stabilization and elec-
tric power requirements should not present any unique problems. 'The most signifi-.

- cant mission requirements are resolution and frequency Of"coverage. Most.of the.
objectives require a resolution of 3(2 th although a few missions require 10 m.,...%
Weekly coverage to 6S° latitude/is needed for'most missions and,thus requires .
near-polar orbits. $est obserl'ation time is estimated as between 10 a.m. and
2 p.m.. It appears that geosynchronoulIorbits are not required for agricultural ,

applications. All these requirements are within the capaility.of the U.S. Space
Transportation System. .

. .., .-

4t-
.. ,

, INLAND WATER RESOURCES
. .

a ,
.

..
The'Panel on Inland Water Resources idedtified objectives broadly as Tollows:

6 .,.
.

.

To Measure water qualities includinamount of conttilinants
such as zinc, chlorine, etc.

, .

I

To measure water quantities including soil'moisture, ice densi-
.

ties, snow densities, etc.,,
1' .

To make 'Tong duration measurements of seasonal changes' .
I I

To measure the effects of sudden and u usual occurrences such .

,as floods and'tornadose
.

Implied spacecraft characteristics include a gross weight of approximately
1800 kg (4000 lb), a volume compatible with the Orbiter payload bay, and a micro-

,,wave sensor with antenna.
IP. . "

22 $.
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The following are the broad miseion requirements identified:

Data'are dgsired beginning not later than 1980 with continuous'

/

monitoring thereafter.
.,.

. .

- ,-..
1

. ---

Launch activity will extend through the

.

1980's.
.

. .

Launch schedules willnot be highly critical since continuous .-
,

_data are desired; .
4 *

Both 16/:'and geosynchronous orbits, are desired; a sun- synchronous .

.-
. /

. polar orbit is necessary in some cases in order to eliminate
(

- shadows. .

.
.

z
.

*.../
,

,
.

No requirement for orbit change has been identified.

.i :
,.

Data frequency is lapurly through weekly although some seasonal

f :
data ar?also desired.

.
,

,

Retrievability and refurbishment or replacement will depend on

the cost of the'spacecraft andon the development...of new sensors.

. Expected lifetime-of the spacecraft will be'apit-oximately S years.
, .

.

., .

',.

, . Microwave sensors will require high amotnts of power,and cooling.

4
.

The use of man'will be required.duming the development phase and

Spacelab' will be-very useful for: that purpose; hOweiler,sfree7,

flying spacecraft Most likely will, be required for-the operational

--- 1[4 phase.
. .

4

.
.

.

,

All identified spacecraft and mission requirements are well within'the cal3a-

.bilities of the.U.S. Space Transportation System. 'However, special-attention will

need to be given to the .following:

Design of antennas for microwave sensors so as to fit Orbiter

volume limitations ,

?cower and cooling capabilities for microwave sensors.

, Many of the waterisoUrces needs depend on having a constant sun angle

(sun-synchionous polar 'orbits) and will require launching from the Western Test

Range (WTR).

4
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*

ETRACTABLE RESOURCES

.-2 . The Pan, 1 on.Extractable psources identified the following potenii 1 space
4 4filiCatiOnp to assist in.the location.of non -reneWable resmiurOes; 1

'. .
V- a

.

-.7 D finitiOfisarit.identification of metallogenic provinces

etection of lineaments and structures related to gas, oil,
. .

P : 1.1
. . . A
t djainerals , .

. -- Detection .ef surface colbr anomalies
v

b 711 ,
..

,

: . .
Locatipil of bedrock.* .

. >

-4

a

G
- ;

4

of .*
% '..It is envisioned that both Spacelab, equipped,witif proper instruments: and

'a free- lying spacecraft weighing between 1130 and 1360,kg (400 to.3000 lb) and
having imensions of 3 m (10 ft) by 4.6 m (15 ft) will be needed,. Specificimis-
slop t q uiremets are' :

. ,,

/ 1 .
.

.

- . To.Measure the relative motion of tectonic plates in thg
, range of 1 to 10'cm per year

.

:
t To locate ground exploration/ crews, once a day, to within + 30 m

(100 ft); to have capability in 1980's.of + 10 m (33 ft)
A

1-:

To communicate voice and digital data-daily between exploration
.crews `and a central location

To provide imagery in visible and in near and far infrared wave-
lengths with,resolution between 15 m and 30 m (50 to 100 ft) and
to provide imagery of selected targets to a.resolution of 10,m
(33 ft) with 64 gray scales

To provide such imagery of the entire globe four to'six times, per
year at '10 aim., 2 p.m., and 4 a.m. from sun-synthronou§ orbits

To provide imaging radar with resolution of 30 m (100 ft) and
capable of penetrating clqud and foliage cover

,
.

. To return 10 m (33 ft) resolution images., .of selected targeti.'

/ The U.S. Space Transportation System is expected to be capable of support-
ing the attainment of these needs. The following may impact the operations and
design features of Orbiter and Spacelab:

-

Satellite recovery may be desirable in order to reduce cost;
further study i d.

)
,'

4

'

e 1.
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' #

rf spacecraft orbits greater than approximately -BOO km are

elected, placement and recovery will.require use of aTug".
Coyery capability, is not contemplated for _the Interim Upper

.

The Panelfon Extractable Resources has expressed a desire to
have a radar system and a high resolutiofi camera.as part of. .

Spacelab. Current ,studies Are considering both as part of a
free-fiying satellite.

4

010
Definition A the required radar system may resultln 'antenna
sizes And pourers wtf ,ch would exceed planned STS capabilities.

/ '

ENVIRONMENTAL QUALITY 0,

O
at,

The Panel on Environmental Quality identified needs for the'.use of remote 0

sensors in orbiting spacecraft or collecting en+ironmentalkquality\data on
local, regional, and global bases and for the use of.,spacecraft for relaying data
from in situ monitors. Earth resources sAtellites ere already providing data on
environmental quality. Further improvelents ere-needed, ho ver, in the sen-
sors --. such Ais those for measurement of water, quality. Raq irements include 0

spatial and temporal resolution, area coverage, vertical res dtion, increased
sensitivity and specific dats^delivery.times. Of major con e are measurements
of pollution in the 'lower troposphere and of. pollution as a function of depth

below the watersurfaCe., Use ofSpacelab is being considered fox experimental
pugposes such as studi s of the use of microbiological processes to increase the
$fficiency of waste tr atment. .

. ,

Not much consider tion has been given to date to the spacecraft or to the
Space transportation r quired fox,the. needs ofusers,in the area of .environmentd1
quality. Present'NASA spacecrait such as ERTS and NIMBUS are considered to
be adequate for resear h and development. The SSS could be usefully employed tto%
calibrate remote senso s for environmental mohi ring and to test new sensing

concepts. Operationa' systems are needed to et enforcement and regulatory
reqUirements. :

It is the opiqio
STS on the environmen
retrieval of radioiso
needs to be considere

of the Panel.

1 'quality of

pe sources an

.

h Space Transportation that'-the impact of the
he stratosphere needs to be assessed and, the .

nutlear reactors (uses} to poifer'spacecraft)

mp
t. IliE AND4MARITIME USES

,

.. f .

.

. , ..

The findings of. he Panel on Marine and Maritime Uses reflect the statutory
responsibilities of .0he.Nafional Oceanic and Atmospheric Adiainistration (NQAA),
the U.S. Coast Guardl(USCC), and the'U.S. Maritime Administration (MARAD) as well '

as the needs of oce4ographers and °Orators of ships at sea. Requirements fqr

space applications are grouped in three disciplinary areas_ (1) communications,
(2) position determination, and (3) Monitoring of physical p rametets of the

oceans. :. . s-

. .
t..

'6
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'Ix the area of comtunications, objectives include:.
1 7

Improved and expanded diisemination of information cdhcerning,
weather, waves, ice, 'time signals, etc..

Better management of shipping anLoffs,hore-operations'
.1. *

amproved earch and rescuemisSions.
,

v-"*. ,_
_ .? - 4;i

.

r

.

,1

A singleioptim worldwide system for position determinition is needed to
replace regional sys ems,,

. otr. ObjectiVes for monitoring the physical parameters of the oceans IsItludet,
, ,,s ,

Ti
. .

..

, (
Improved means of monitoring, and forecasting chang% in'ice

A . °

1

'curAnts, temperature, and shorelihe erosion , ° $,..
,.

. . ,, .

Improved andexpand'd monitoring,of vesselooperations within
370 km (200 n. mi) of the-coast

.
..,

e. .
-

P.
,. .- ..1,

Ippraved and expanded .monitoring bf pollutants such as sewage, '

industrial waste, oil Spillage, etc.

;0!

1
. 3:

S 44 Precile location of floating buoysand- other,offshore struetures.

t 1 ,-.
".

1 Spaceciaft and sensdrs will 6 required', fulfill.. the stated purposes and
ob'j'ectives, The Panel okMarine and Maritime Use did not define.spacecraA needs

,in terns of weight, diameter, -and length. 'The Panel was ,strongly supportive of
SEApAT which' has a weight of 1000 kg.(2200'1b) with a diameter, .of 40,6 m (.15' ft)

..and.a length-of 4 m e13 ft).. Some 'sPace,applicatios that potentially,are the
most demanding and some spaceCraft chiracteriSticS that may be requiredsare as
follqrs: . IcD

To locate sea ice aid, lake ice and to 'characterize the ice as.
new or old and soft br hard-on such a timesacale that vessels
can use the illfollmatilin Id navigate around..br.through 'tine-ice.

c.

. ,
A Worldwide yosition-petetmination system ac ate to 200'm (0.1 n.
mi) so that a Alp need, harry only one type ornavigation equip- . Q

11:=

ment. Coydrage of the polar regions will bneeded in-the 19801s:
, The Global Tbsitidning Systei (0AVSTAll), now 'ander development by

rA

,, the DepIrtmentAbf Defense, might Iblfill thisneed.
./.

,,,. '..
. .

.......

,

. ._

41 '-
A7i)ositiOnteterTination_system which, canlb.e used -by 'owners 9f.4 . ,4 a.

,

0-small fishing vessOti::-.The receiver on the vessel must .be ;in-
.4 ; expensive and the spacecraft bust contain the necessary sopliis,

.1 icated equipment. A?---.A
,

.
. ,

I.

dReal-time surveillance ti so the USCG can enforce international'

I

$}''

-

fi§hing agreements and
either deliberately or accidentally.

rehend vessels which discharge 4i-1,

1
2 8
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The following'bission requirements. heye been infeired:
j

Operationally, tbe spacecraft generally willbe free - flying.

Low polar orbits are required for the communication and naviga-
tion satellites which service the polar regions and the Great
Lakes. f

Geostationary and low-inclination orbits are also required.

Some of the monitoring missions require,orbits in the altitude .

range from 1000 to.1600km (540 to 860 n.

Time reference requirements may include coverage that is continu-
ous, ho )lrly, seasonal, annual or corresponds to ,the period of tidal
fluotu4tions. .

Other factors possibly impacting the STS may result from the following:

t'44

J

. .

Use of aircraft for sensor development and use. of Spacelab foF
opefational test and evaluation are foreseen.

Man will-be useful in Spacelab for the operational testing and
evaluation of new payloads.

. .

Communication and position-determination spacecr
gr-adually phased induring the early 1980's.

should be

-Monitoilag,tateliites should be made available as soon as pos"6:-

sible s nce NOAA,MARAD, and the USCG have statutory tesponi-
sibilities.walch are currently difficult to meet. It is posiible
that because of the early need, 6nly unmanned liunch vehicles

, 'can provide the transportation for these'satellites.

. .

Because of the need for polar. orbits thk_Western Test
required for- launch of many missions,

MATERIALS-PROCESSING IN SPACE

Range is - I

The Panel OnlAatetials'Prodesaing in Spice definpaareas.where.the space
environment might be utilized-Alethe development of processe, materiajs, and
Products beok future benefit. the major areas of interest expressed
by this Panel were in blological and netallurgibal processps. The use df off -

'the -shelf research equipmeits emphasized as a means for reducing the ,cost
specialized hardware to be utiliied in space. s

Applications proposed by Panel are ',feasible reasible.usingacelab. Ady*antage

would tie taken of.the Modulatconstruction of Spacelab to allow matuials amt.
processing missions to beshiled with other users. In order to have more flexi-
bility in misiions, an, eiperimental_automated ptoceising laboratory is proposed.

.
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1 I

This laboratory would resemble a Spacelab module. It is estimated to be 4.3'm
(14.ft) in diameter,-2.1 m (6.8 ft) in length, and to have a maximum weight of
1800 kg (400 lb). This module could 1.n.tgEface with Orbiter and be operated from

-.Orbiter vale the_paYload-specialist station. The module should be planned to
beheld in a status of near-flight readiness and could be used when an Orbiter

: flight can accommodate it and thus gain'a Higher flight load factor.
No specific orbits nor Altitudes are.'required. The prime mission-require-

ment is tikaAkieve 10-3 gravity or less. Knowledge of magnetic fields and radia-
. tion belts in the proximity of-the operational orbit is required., Orbital stay
ofq days is satisfactory for most defined missions. No materials latocessing
requirements 'having a duration of more than 30 days were defined for Spacelab
operations. It is assumed that the module for materials and processing will
occupy one-fourth of Spacelab capability per flight. There is a desire for pay-

Aload spate equivaaht to two misqions per year but these could be spread out in
fractional payloads on many missions. This approach will provide an opportunity
for four flights per year, a number which shoUld be adequate for needed research
and development in materials processing during the early 1980's. No requirements
for communications and data are identified beyond the planned capability of
Orbiter and Spacelab. Sample return is ,the prime objective and only a minimum
amount of telemetered data are required. The requirements for voice communica-
tions, computer capability, and data recording are seen as.well within planned

. capability. 015eration of a vacuum furnace in Spacelab will require electrical
power levels and associated heat rejection capabilities beyond Spacelab and
Orbiter baselines. However, these modules can be designed to provide Tor them-
selves the extra power and heat rejection. Such provisions must be accounted for
as payload weight and volume. For Biological missions specimen temperatures must
be maintaine:in a range from 4°C to 16°C (40°F to 60°F) from the time of instal-
lation in the.Spacelab through prelaunch, ascent, and post-landin44 This require-
ment implies a need for ground power during prelaunch and post-landing. These
periods are pbt in the present ground-operation schedule of the Space Shuttle
System but the requirement can possibly be met by operatitial.procedures, that is,
by installation as late as 4 hours before.launCh ancl removal within 1 hour after
landing. /

It should be emphasized that .the applications requirements as'outlined by
the Panel on Materials Processing in Space are totally dependent on the availabil-
ity of Spicelab.-, Such a capability for research and developient missions in
space is necessary in the early 1980's to further developments in this field.
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ASSESSMENT OF THE SPACE TRANSPORTATION SYSTEM
CAPABILITIES FOR USER REQUIREMENTS

A summary of user spacecraft requirements and mission requirements is given
in Table II."The parameters included areas foltows:

1. Weight of spacecrifti for which all estimates are within the space
transportation system capabilities. Estimates given take into account estimates
bY both user panels and the Panel on Space Transportation and should be updated
periodically asrdevelopment progresses.

2., Sizes of spacecraft; which are not yet defined for allrusers because
of the state of development of user programs. However, it is anticipated that
the payload volume of the Space Shuttle Systdm will accommodate the actual design
of the volume of the spacecraft.

3. Launch sites, from,which ail users desire to achieve appropriate Orbits
in ordet to acquire data. Of llignificant interest to the space transportation
system is the fact that eight of the nine user panels in the 1974 Summer Study
expressed a strong desire to obtain data from sun-synchronous polar orbits. Not
indicated in Table II but expressed in interviews with individual user panels, was
an almost unanimous desire to begin obtaining data by 1980. Most usertpanels were
unable to forecast explicitly the number of launches needed during 1986:82. How-
ever, a preponderance of needs for early acquisition of data from sun-synChrondus
polar orbits requires a re-examination of the initial operational date for Shuttle
operations at the Western Test Range (WTR). Tht present plan is to begin Shuttle
pperationsat WTR in late 1982. This time schedule clearly is not compatible with
user needs. The Panelon Space Transportation points out that in order to meet
user needs, either the schedule for activating the Shuttle capability at WTR must'
be accelerated or the use of existing unmanned launch xehiclef frOmWTR must be
extended.

4. Geosynchronous orbits, from which six of the nine*user panels indicate
a need to obtain some data. This requirement creates a need for some type of Tug
yhich can transfer the spacecraft from a low earth orbit to a geosynchronous orbit.

.

.

S. Spacelab, for which the user panels expresS a ne ed. Eight user panels
indicate that use of Spacelab during the sensor research and development phase
and for qualifying spacecraft hardware will be of real benefit. Seven user
communities will then turn to free-flying spacecraft during operational phases.

. -
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. 1 .

'6. Tug, ..hip use of which has been noted previously in connection with geo-
synchronous, ()nits. User panels have a need for an unmanned transfer vehicle.
As requirements are better defined, the need for a manned Tug and/or a reusable
Tug must be assessed,. R

/ .
.

To panels (Panels on. Extractable Resources and on Materials Processing in Space)
indicate a need for use of Spacelab during operational phases also.

7. Man's participation, which all users desire during trk research and
development phase. An ability to observe and communicate will greatly enhance
the development of hardware. Man also will be of treat value for assessing di-
sasters such as floods.

8. Retrievable mode, since all users foresee advantages in retrieving
spacecraft and payloads, especially during the research and development phase.
Retrieval will be an invaluable tool for studying and redesigning spacecraft for
the operational phase. Eight of the nine panels have expressed a desir to

assess retrievability in the operational phase after system advance.

The desirability pf retrieval will depend on the cost of spacecraft and the need
for development of sensors.

Transportation of payloads for space applications will bejarovided by exist-
ing unmanned launch vehicles through the remainder of the 1970'6. A transitional
period will follow as the Space Shuttle System becomes available-in the 1980's
and provides a greater transportation capability. The.Space Shuttle System
master planning schedule is shol,in in Figdre I.. The research and development phase
will be completed by 1980, the transitional phase will last'for several years, 4

and a fully operational status will be beached by the early 1980's.' During the
transitional phase, it is anticipated that. transportation of payloads will be
tombinedwith flight testing of the SSS. Full operational capability will come
at the completion of flight testing when removal of test instrumentation makes.
the full transportation capability available.forepayloads. For polar-orbit capa-
bility to be attained, the WTR launch facility will need to be activated. Present
planning provides for this capability to be available by the end of 1982. For
applications payloads requiring polar orbit, therefore, the transitional phase
from useof existing unmanned launch vehicles to operational flights on the SSS
will be somewhat longer.

A summary pf 'capability for both the existing unmanned launch vehicles and
)theSSS is given in Table III fOr geosynchronous orbits and low earth orbits at)the

inclination; Table IV summarizes capabilitiei for polar orbit. Tables III
and IV show the extent of incleased capability within thW SSS and a trend toward,
lower cost in dollars per kg for transportation of payloads using the Space
Shuttle. Data in :Fables III and IV have been used to illustrate in Figures' II

and III the cost pf a kg of payload delivered to several orbits as a funclion of
payload up to full capability. Figure II covers Eastern Test Range launches into
geosynChronoUs orbit and into orbits at 500 km (270 n. mi), both at 28.S° inclipar
Lion; Figure III covers WTR la Ches into circular orbits at SS6 km (300 n. mi)
and 90° incliqation. Cos gores shown in Tables III and IV are minimum values

based on use of full Ea ability; of the launch vehicles. Figures II and III show
`how cost per kg increases as less than full capability is used. however, the

choice of transportation for an application payload requires much more information
than is glai-lable in Tables III and IV.
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Also the launch vehicles shown in Table III are only aPpartial list of avail-
able systems:. A complete list of existing systems with full descriptions of capa-
bility may be found in a handbook available from NASA.*

A plan remains se be developed forradequate space transportation during
the transitional period. As applications payloads move to the more attractively
priced and more versatile Space Shuttle System; existing unmanned launch%vehicles
are to be phased out. Proper timing will influence costs and these costs may be
reduced by the.development and maintenance of satisfactory transitional systems..

The Space Shuttle System will provide basic transportation to.lbw earth
orbits. Its capabilities as now planned are described in a NASA report.** They,
include larger payload sizes and weights at.lower costs than those of expendable
vehicles; an in orbit for checkout, repair, maintenance, and other functions
unique to man; and the ability to retrieve payloads and return them to earth. ,It

.s anticipated that these factors may have a significant influence on the costs
of applications payloads in orbits attainable by the Space Shuttle System.

Spacelab consists of a module in which equipment can be mounted in a pres-
surized environment and/or ansunpressurined pallet on which equipment will be
exposed to vacuum in space. Services provided by the pressurized module inclpde
furnishing electrical power, temperapure control, computational capability, data
transmission, manned attendance, and' others similar to those found in a small
terrestrial laboratory. The open pallet will provide power, thermal dissilation,
computational capability, and data transmission. MiS'sion durations.of 7 days can
be extended to about 28 days by reducing equipment weight to permit the addition
of life-support systems and expendab materials for the generation of electrical

,power. A full.description of the S lab capability may be found,in a handbook
used by the'European Space Research anization (now the European Space Agency).
It is anticipated that equipment operating from Spacelab will'require little more
sophistication in design. and development than equipment which is used in labora-
tories on earth. The cost of an applicatibn payload thus can be much. lower when
the application procedure is consistent with and can be apart of a Spacelab mission..

A Tug is required as an additional stage with the Space Shuttle System to
place applications payloads in orbits higher than 1111 km (600 n. ni). A com-
plete description of Tug capabilities may be found in a stimary prepared by NASA:*
Payloads using a Tug do not have the advantage of manned attendance at the point
when they are placed in their orbit. The pay -load may be checked for the ast
time When the Tug andpaylbad are deployed from Orbiter. Equipment failure may
be remedied by manned attendance at this point or the payload may be returned to
earth by the Orbitgr. Thus, factgrs that can reduce payload costs for the Space

*National Aeronautics and Space AdministratiOn. Launch Vehicles Estimating Factors
for Advance4dOlssion Planning. NBH-7100.5B, NASA Headquarters, Washington, D.C.,
1973.

* *National Aeronautics and Space Administration. Spate shuttle. PayioadAccaronoda-
tion. NBH-07700, Vol. 14. Revision C, Johnson Space Center, 1974.

'Spacelab Payload Acconroeation Handbook. ERN?) VFW/Fokker, 1974.
.

**National Aeroniutics and-Space Admiilistration. Baseline Tug Summar4. Marshall
Space Flight Center, 1974.
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FIGURE III COMPARISON OF COSTS PER KILOGRAM FOR PAYLOADS
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shuttle System are considerably more limited Whena Tug is used. Similarly,.
weight and volume are more limited and legs available to reduce cost.

The Interim Upper Stage now planned for use during the approximate 3-year
interval between 1980 and 1983 will not provide a capability to retrieve payloads.
This capability-is planned for the later Full Capability Tug which,. since it
is not expended, might provide a reduced cost for transportation to higher orbits.
The Full Capability Tug also might reduce payload costs by its capabilities for
retrieval and for larger paylo'ad weight.

The present Space Shuttle System does not provide for tanned capability in
orbits higher than approximately 1111 km (600 n. mi). It.appears that the,exten-
sion of manned capability to higher orbits should be investigated since it may
significantly reduce the costs of some applications payloads. :
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CONCLUSIONS AND RECOMMENDATIONS

t
,

PAYLOAD AND MISSION CAPABILITIES

,

The Panelrea -d the following_conausions regariling payload and mission

1

'capabilities:

The'U.S. pace Transpottaiion System as now planned for the 1980's
has ample performance' capability to satisfy the needs, of those
users wh. have been able tu."quantify their requirements.

In addition, the Panel, as a result of its:interaction with u er
panels, is confident that those users who are currently not far
enough along to specify payload details can be amply accommodated
within the system capabilities as currently planhed.

rt e

lite Panpl recbmmenits that users whAave not been able to quan-
tify their needs for space transportation be urged to apply
effort to do so.

i

PLANNED LAUNCH SCHEDULES.
.

.

The Panel offers the following conclusions related to the plinned launch
schedules: ' .

.
. .

..

Potential users naturally wish to have access to space transporta-
p

tion as therh-ecome increasingly aware of benefits that may result
' from space applications.

. A survey of the user
,

panels has disclosed many needs for polar
orbit' and this ,capabilityshOuld be provided as early 4s .".

possible within the Space Shuttle System in order to attain the
projected lower cost of operation.

\ ', N .
Launch service must be assured to Wential 'users as they prd-
ceed with internal planning, particularly if they now are or

, later will be dependent on current unmanned launch vehicles
which are planned to be phased out.

.

,

.29
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e Panel recommends that current unmanned launch vehicles be
phasedout'oply when '.qtere is assurance of readily available
and adequate Space Shuttle_lqunch services to satisfy.user

. . needs: ' ! '

/ 4J ,, .

... ,, .

.. ;
a a a DEFINITION OF, USER PAYLOADS

, i
In connection with defining user payloads, the Panel:concludes that some

users seek assistance in defining their payloads.. Greater interaction must take
place between users and knowledgeable space technologists.

.41

ill most cases, the assistance needed is:;,

C

-

. ,.

In evaluating the feasiblity of measuring froi space the -

parpeters currently me ured by inore conventioW means
-.

.. :. .

In the posSible selection of alternate space-measurable
parameters -

. . ,
.

In the selectiRn or-development-of suitable sensors to measure
these parameters. c . .

.

' The Panel rercommendS that NASA ithide assistance to users for
k, defining payloads.,

, .
. OPTIMIZATION OF OPERATIONS

..

.
.

_ . .

The,Panel concludes, in relation to optimization of Operations' that sophis-
tici.teik integration of several primary factors is reqUired to attain the large
benefit,frbm space applications that the U.S-. Space Transportation System will
make possible. One primary factor relates to spacecraft design. The two most
significaht elementsin this area are: . ., z:.

_al
.

PrOision ofaneoi more iiandardited free - flying spacecraft
into which an individual user can integrate his own equip= ::
ment

.

.Availability of
.

standardized sensor equipment capable of
multimOde and :4*e-sharing operation.

. .

es. i ., / .

' A second factor that makes a special cotttribution to optimizatiOn is mission .
, ..structuring. Here the major eleMents are:-

. \. ,
.

r ,-
.

Compafi5ilitY pf'iorbit type and time for programs-which are,'
tb use the payload space on a given missiOn.,

. .

_
40

Mix of spacetraft,to maximize-the load factor of, the payload

40,
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S Zection, of payload cbmponents so that handling variations
in both delivery and retr4.tvl are considersed

The Panel recommends that

4

.

In view of. thesi interacting lements the total responsibil-
ity for. op_timiza042 or,operattons bd/plao-ed NAtil

, e

NASA be reqiired to prep,are at an early date a. methodology for
establisifing a structure' of user tariffs.

I
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